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Electrochemically etched Ni tips in a constant-current mode
for spin-polarized scanning tunneling microscopy

Hui Chen, Wende Xiao,? Xu Wu, Kai Yang, and Hong-Jun Gao®
Institute of Physics, Chinese Academy of Sciences, Beijing 100190, People’s Republic of China

(Received 24 July 2014; accepted 10 October 2014; published 22 October 2014)

The authors present an efficient method to fabricate Ni tips for spin-polarized scanning tunneling
microscopy (SP-STM) via electrochemical etching of Ni wires in a constant-current mode. Instead
of applying constant voltages to trigger the electrochemical etching of Ni wires in previous reports,
here a constant current is applied, which ensures a stable etching process and favors a high yield of
Ni tips with good quality. The prepared Ni tips have been applied to obtain atomic resolution
images on various surfaces in conventional STM measurements and to resolve magnetic-state-de-
pendent contrast of Co islands grown on a Cu(111) surface in SP-STM experiments. © 2074
American Vacuum Society. [http://dx.doi.org/10.1116/1.4898865]

. INTRODUCTION

Spin-polarized scanning tunneling microscopy (SP-STM)
is a state-of-the-art technique that allows us to study the spin
texture of low-dimensional nanostructures at an atomic
level.'? As the SP-STM systems essentially measure the
spin-polarized tunneling current between the conducting
samples and the metallic tips, their performance strongly
depends on the tips.* An ideal SP-STM tip should offer
simultaneously a high spatial resolution down to the atomic
level and a high spin polarization with tunable spin orienta-
tion and negligible magnetic stray field.® Many methods
have been employed to produce optimal SP-STM tips over
the years. For instance, ferromagnetic tips of Fe and Ni
(Refs. 7-9) and antiferromagnetic tips of Cr and MnNi (Ref.
10) were produced via electrochemical etching of polycrys-
talline bulk materials. Nonmagnetic tips coated with mag-
netic thin films were also prepared for SP-STM
measurements.>%'""'? However, as Cr and MnNi are very
hard and brittle, several steps are required to produce sharp
tips with uniform shapes from bulk Cr and MnNi rods or
foils.'*'* The fabrication of magnetic-thin-film-coated non-
magnetic tips is also very complicated and time-consum-
ing.'” In addition, these thin-film-coated tips are very fragile
against unavoidable tip-conditioning during SP-STM meas-
urements.'® Therefore, Ni tips made from polycrystalline Ni
wires are widely used in SP-STM due to their cheapness,
easy preparation and stability against oxidization in air, de-
spite of possible magnetic stray field.

In previous reports, Ni tips were usually prepared by
“drop-off” electrochemical etching of polycrystalline Ni
wires in a constant-voltage mode,&m’17 in which a constant
dc voltage was commonly applied to the anode (Ni wire) and
ring-shaped Pt cathode.'® A lamella of KCI solution sus-
pended inside the Pt ring was used as the electrolyte. As the
volume of the lamella was rather small and its thickness kept
deducing due to water evaporation during the electrochemi-
cal etching process, the concentration of the etchant varied
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and NiCl, salts formed around the electrodes, leading to the
variation of the etching current.'® As the etching current
indicates the whole amount of charge carriers supplied to the
anode per second and strictly determines the etching rate,
the variation of current suggests an unstable etching process,
which might result in a low yield of high-quality Ni tips.'®

Herein, we report on the efficient fabrication of Ni tips
for SP-STM via electrochemical etching of Ni wires in a
constant-current mode, which ensures a stable etching pro-
cess and favors a high yield of Ni tips with good quality. The
prepared Ni tips routinely offer an atomic resolution of con-
ducting surfaces in conventional STM measurements as well
as a spin-dependent magnetic resolution of nanoscale sys-
tems in SP-STM measurements.

Il. EXPERIMENT

The setup for electrochemical fabrication of Ni tips is
schematically shown in Fig. 1(a). A Pt ring with a diameter
of ~50 mm acting as the cathode electrode was immersed in
a beaker filled with 7.2% HCI aqueous solution. The anode
electrode of a Ni wire with a diameter of 0.5 mm (Ni 99.9%
GoodFellow Co.) was clamped and threaded at the center
through the Pt ring. The length of the Ni wire under the ring
is ~4mm. A commercial dc power supplier (maximum out-
put voltage of 36 V and maximum output current of 20 A)
operated in the constant current mode was applied to trigger
the electrochemical reaction. In 7.2% HCI aqueous solution,
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Fic. 1. (a) Schematic diagram of the setup for the tip preparation. (b)
Variation of the current and voltage vs time in the etching process.
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Ni oxidation is thermodynamically favored compared to
water oxidation.'®

Once an optimal constant current of 4.9 A was passing
through the electrolyte, the etching process started and the volt-
age applied to the electrodes varied, as shown in Fig. 1(b). As
the current was hundreds of times higher than that in previous
reports, the electrochemical reaction was intense at the etching
position of the Ni wire. A regular flow of the electrolyte from
the Ni wire to the beaker took the NiCl, product away from the
Ni wire. Thus, no NiCl, salt aggregated around the Ni wire and
Pt ring, different from previous reports.'® At the end of the pro-
cess, the current suddenly dropped to zero and a ‘““drop-off”
appeared [Fig. 1(b)]. In the meantime, the voltage jumped to
~36V (the maximum output voltage of the power supplier), as
the resistance went to infinity. Ni tips with sharp apex could be
eventually fabricated at the breaking point. The whole etching
process took about 40 s [Fig. 1(b)], much shorter than previous
reports of ~2min.'® After the electrochemical etching, the Ni
tips were first rinsed in distilled water in order to eliminate
NiCl, formed during the etching process and then in alcohol to
remove organic contaminants.

Figure 2(a) shows an optical microscopy (OM) image of
a typical Ni tip prepared by the constant-current method.
Figure 2(b) illustrates a scanning electronic microscopy
(SEM) image around the tip apex. It is seen that the surface
of the Ni tip is very smooth and the radius of the tip apex is
~30nm, comparable to that of W tips prepared in a similar
procedure.*'?

lll. RESULTS AND DISCUSSION

The performance of the prepared Ni tips has been tested
with several STM systems in different environments. Figure
3(a) shows an atomic resolution STM image of an HOPG sur-
face obtained with a home-made STM in air at room tempera-
ture using a Ni tip that was prepared a month ago. Figure 3(b)
shows an STM image of a clean Au(111) surface acquired
with an ultrahigh vacuum (base pressure < 1 x 10~'° mbar)
low temperature (4.2 K) STM (Unisoku) equipped with super-
conducting magnets.’>** The atomic resolution of the
Au(111) surface is clearly seen. The capability to routinely
obtain atomic resolution images on various surfaces indicates
that the prepared Ni tips are very sharp and stable for STM
measurements, providing themselves as suitable alternative to
the commonly used W and Pt/Ir tips.

100 pm

Fic. 2. (a) OM image of an as-prepared Ni tip. (b) Highly magnified SEM
image of the same tip showing a tip apex of ~30nm.
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FiG. 3. (Color online) (a) Atomic resolution STM image of an HOPG surface
(2.5 x2.5nm) acquired at room temperature in air. Sample bias:
U=—1.5V; tunneling current I =0.1 nA. (b) Atomic resolution STM image
of an Au(111) surface (3.0 x 3.0nm) acquired at 4.2 K in ultrahigh vacuum
(U=-0.2V and I=0.5nA).

The prepared Ni tips have been successfully used to per-
form SP-STM measurements of Co islands grown on
Cu(111) surface. Prior to the transfer of the sample into the
STM head, the Ni tip is magnetized in situ along its axis in a
field of 0.3T by means of a superconducting magnet.”
Deposition of Co atoms on Cu(111) surface at room temper-
ature results in the formation of triangular Co islands,m’11 as
seen in the topographic image shown in Fig. 4(a). Two dif-
ferent orientations of the triangular islands are observed,
rotated by 180° with respect to each other. According to the
literatures, the different island orientation is due to different
(faulted and unfaulted) stacking of Co atoms with respect to
the Cu(111) surface."' Each Co island exhibits an out-of-
plane magnetic polarization, either upward or downward.’
Figure 4(b) illustrates the differential tunneling conductance
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Fic. 4. (Color online) (a) Topographic image of Co islands grown on
Cu(111). Four types of Co islands are distinguished according to their stack-
ing with respect to the substrate (faulted or unfaulted) and their spin direc-
tions (up or down), as indicated by uy, uy, f;, and f|, respectively. (b) Spin-
resolved tunneling spectra on four Co islands marked in (a). (c¢) and (d)
Simultaneously acquired fixed-bias closed-loop dI/dV mapping over the
same region as (a) at the indicated bias voltages.
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(dI/dV) spectra acquired on four Co islands labeled in Fig.
4(a). The Co islands show stacking- and magnetic-state-de-
pendent dI/dV spectra, in line with previous SP-STM study
using a W tip coated with Cr film.” Careful analysis reveals
that Co islands with the same stacking and spin polarization
show almost identical dI/dV spectra, despite of different
island sizes or inhomogeneity. Figures 4(c) and 4(d) show
the dI/dV maps acquired on the same area shown in Fig. 4(a)
with sample biases of —226 and —340mV, respectively.
Although the standing wave patterns of the free electrons
due to the quantum confinement of the Co islands'*** may
blur the contrast among the Co islands, these dI/dV maps
straightforwardly demonstrate the stacking- and magnetic-
state-dependent contrast of Co islands, akin to previous
reports. 111223

IV. CONCLUSIONS

We have shown that Ni tips can be efficiently fabricated
via electrochemical etching of Ni wires in a constant-current
mode. The constant current ensures a stable etching process
and favors a high yield of Ni tips that are suitable for con-
ventional STM and SP-STM experiments.
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